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The cyclic tetrapeptide phytotoxin, Hc toxin, produced by the plant pathogenic fungus Helminthosporiiim curboniim, contains the unusual cpoxidated fatty amino acid L-Aeo (2-amino-c),lO-epoxy-8-oxo-decanoic acid). Aeo is the virulence-determining factor not only of Hc toxin (Ciuffetti et ul., 1983; Walton & Earle, 1983) . but also of the related fungal tetrapeptides, chlamydocin, Cyl 2 and WF-3 16 1 (Walton et That Aeo appears to have been genetically conserved as the toxic elemcnt, while the rest of the peptide backbone differs in these related toxins from diverse fungal species, fits a hypothesis first proposed by Umezawa ( 1977) which states that two gene products, one conserved or essential (enzymes for Aeo production) and one non-conserved (the specificity of the tetrapeptide synthetase) may be responsible for the biosynthesis of related metabolites from different microbial species. Thus, two hypothetical enzyme systems may exist for Hc toxin production: an enzyme(s) involved in Aeo biosynthesis, and the synthetase enzyme which activates and assembles the cyclic tetrapeptide from the thio-esterified amino acids.
al., 1985).
The biosynthetic origins of L-Aeo were investigated by the incorporation of labelled acetate into Hc toxin it7 vivo. These experiments were performed essentially as described prcviously (Wessel er ul., 1987) . Short-term feeding experiments incubating suspended mycelia with 1 pCi of I I -' T ] -acetate (56 mCi//mmol, New England Nuclear) for 2 h were carried out as before. The microbial fatty acid synthetase inhibitor, cerulenin, was added at the concentration specified in Table 1 to the incubation 1 h before the addition of label. The mycelia and incubation media were separated, lyophilized and extracted with ethyl acetate, as before.
Radioactivity incorporated into Hc toxin was assayed by high performance liquid chromatography (h.p.1.c.) analysis, while that incorporated into cellular fatty acids was assayed as follows. A cell-free extract of the lyophilizcd mycelia was made, to which was added 5 ml of a ch1oroform:mcthano1 : ~M -H C I (6:3: 1, v/v) solution. After vortexing for several minutes and centrifuging ( 3 0 0 0 0 g for 2 0 min). the chloroform layer was removed and washed repeatedly with I ml aliquots of a 0.5 M-potassiurn chloride in 50% (v/v) methanol solution until the radioactivity within the washings had diminished. The chloroform layer was evaporatcd under a stream of nitrogen and the radioactivity detcrmincd by scintillation counting.
Short-term feeding cxpcriments in t i v o with I "C lacctatc revealed significant incorporation of label into the toxin, 624th MEETING, DUBLIN 80"' " of which resided in L-Aeo as determined by amino acid analysis. Although slight labelling o f alanine and proline was observed, this could be reduced by the addition of alanine and proline ( 5 mM) to the incubation. However, no stimulation of toxin production in these incubations was observed, Acetate incorporation had characteristics in common with amino acid incorporations iri vivo (Wessel et ul., 1987) . Analogous to that observed previously in proline-feeding experiments. the amount of acetate incorporation was dependent upon the pH (maximal at pH 3.8) of the growth media from which the mycelium was originally isolated. Such a correlation between amino acid and acetate incorporation implies that if two hypothetical enzyme systems exist, their activities are co-ordinated for the production of the toxin within a defined growth phase of the fungus.
The effect of cerulenin on acetate incorporation into Hc toxin and fatty acids is shown in Table 1 . Cerulenin (2,3-epoxy-4-oxo-7,lO docecadienamide) is a microbial fatty acid synthetase inhibitor produced by C'ephulosporiurn cuerideus and is active against a wide variety of bacteria and fungi at concentrations between 1 and 100 pglml (Omura, 1976) . It inhibits the condensation reaction catalysed by /3-ketoacyl-ACP synthetase (D'Agnolo et al., 1973) .
Cerulenin inhibited the incorporation of acetate into fatty acids at 10 pg/ml by 74%, yet that into Hc toxin was actually stimulated. probably because with the inhibition of fatty acid synthesis, more acetate was available for Aeo biosynthesis.
These-results showed that Aeo biosynthesis was catalysed by a synthetase-type enzyme(s) which was distinct from the cellular fatty acid synthetase, but which had some activities in common, as demonstrated by its differential inhibition characteristics. Similar results of distinct synthetase activities have been observed with cerulenin inhibition of the biosynthesis of the macrolide (Takeshima et ul., 1978; Omura et ul., 1982) , the polyene (Gil et al., 1984) and anthracycline antibiotics (McQuire et a/., 1980) . Furthermore, Aeo biosynthesis appeared to control the rate at which Hc toxin was produced. This was suggested by the stimulation of incorporation observed with fatty acid inhibition which was not observed with protein synthesis inhibition (Wessel et a/., 1987) or amino acid addition. Evidence exists, therefore, for two enzyme systems as the theory predicts, an enzyme system with fatty acid synthetase-like activity for Aeo biosynthesis and the peptide synthetase enzyme catalysing Hc toxin synthesis from the activated amino acids.
Ox kidney biliverdin reductase exhibits partial substrate inhibition with biliverdin as the variable substrate (Phillips & Mantle, 198 1 ). Linear double-reciprocal plots are obtained with NADH as the variable substrate (Phillips, 1981) . The substrate inhibition results from biliverdin binding to the enzyme-NAD+ complex (Phillips & Mantle, 198 1; Rigney, 1987) . We were interested in the fact that chloride has a pronounced 'activating effect' on biliverdin reductase activity when NADH is the cofactor, although no such effect was observed with NADPH ( Fig. 1) . Maximal activation was observed with 0.5 M-sodium chloride or 0.5 M-potassium chloride, so the effect was further investigated under these conditions with biliverdin or NADH as the variable substrate. With biliverdin as the variable substrate, 0.5 , potassium chloride abolished substrate inhibition. This effec was mirrored in the NADH kinetics which exhibited almost pure uncompetitive activation. By working in the range of biliverdin concentrations where the partial nature of the substrate inhibition is not apparent, the initial rate behaviour can be approximated by the expression:
VAB K,,K,+ K , B + K , A + A B + A B~I K , "I, =
On relieving the substrate inhibition, when eqn. (1) lacks the AB2 term, apparent uncompetitive activation is then predicted in agreement with the experimental findings. It may be concluded that the major factor which contributes to the Vol. 16
